Sugar alcohols such as erythritol (1, 2), maltitol (3 , 4), lactitol (5) and paratinit (6, 7) have been developed as reduced energy sweeteners that are useful in solving the problems of obesity and its complications such as diabetes mellitus and heart disease. Furthermore, sugar alcohols do not induce tooth decay (8) and do not stimulate the secretion of insulin (9). Erythritol is absorbed from the small intestine and excreted readily to the urine without any degradation , while other sugar alcohols are little hydrolyzed by digestive enzymes and instead are fermented by intestinal microbes (10). In addition, these sugar alcohols induce tissue enlargement in the cecum and colon of rats (1, 3). It has also been found that dietary fiber causes morphological and physiological changes in the gastrointestinal tract, in particular in the large intestine (11-17) . The effect of water-soluble fiber, glucomannan, is greater in the cecum than in the colon , whereas the effect of water-insoluble fiber , cellulose, is stronger in the colon than in the cecum (17-20). Nondigestible sugar alcohols and oligosaccharides as well as dietary fiber induce enlargement of the cecum and colon (3 , 21). The tissue enlarge ment induced by dietary fiber ingestion is a hyperplasia that increases the number of mucosal cells, and can be recovered by the elimination of dietary fiber from the diet (14, 17). In addition to these morphological changes, the specific activity of (Na+K)ATPase increases proportionally to the tissue enlargement.
The existence and properties of disaccharidases and the enzyme that hydrolyzes maltitol have not been investigated previously in the large intestine . Furthermore, it is not clear whether disaccharidases in the cecal and colonic mucosa are affected by tissue enlargement induced by nondigestible carbohydrate ingestion . The purpose of this study is to clarify whether or not the properties of disaccharidases are different between the small and large intestines, and to investigate the influence of maltitol and glucomannan ingestion on disaccharidase activity in the cecal and colonic mucosa of rats. intestine, cecum and colon were removed immediately and the whole cecum including the contents was weighed. Then, intestine, cecum and colon were slit open, rinsed with ice-cold physiological saline and blotted with tissue paper. After measurement of the wet weight, the mucosa was scraped with a glass slide and homogenized with a Potter-Elvehjem homogenizes in nine volumes of the same saline solution. The homogenate was passed through two layers of cheese cloth to remove cell debris, and the aliquot of the filtered homogenate was suitably diluted and assayed for disaccharidase activity and the enzyme that hydrolyzes maltitol. Rats were fed with a diet containing maltitol or glucomannan at a 10% concentration for 10d. * ,** and *** Significantly different from the control group at p<0.05, p<0.01 and p<0.001, respectively. # Significantly different from the maltitol group at p<0 .05.
METHODS
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glucomannan groups increased greatly as compared with those of the control group (p<0.01 and p<0.001, respectively). The tissue weights of the cecum and colon in both maltitol and glucomannan groups also increased greatly as compared with those of the control group (p<0.01 and p<0.05 for maltitol and glucomannan groups, respectively). The tissue weight per 100 g of body weight also increased markedly for the cecum and colon in both maltitol and glucomannan groups. The T OKU and S KWON volume and weight of cecal content in the glucomannan group was greater than that in the maltitol group because maltitol is decomposed readily by intestinal microbes. In fact, glucomannan is excreted partly to the feces, while maltitol is not detected in the feces. It is believed that cecal enlargement is closely related to the volume of cecal content (14, 16). Disaccharidase activity in the small intestine is increased by the ingestion of saccharides (24, 25) . On the other hand, tissue enlargement of the cecum and colon is caused largely by water-soluble rather than water-insoluble dietary fiber and the change in physiological function, such as (Na+K)ATPase activity, occurring in the mucosa (15, 16). A morphological change in the small intestine is also in duced. Therefore, the hydrolysis of disaccharides and maltitol may be affected in the cecum and colon, with hyperplasia induced by maltitol ingestion.
The specific activity off maltose hydrolysis in the small intestine decreased significantly in both the maltitol (p<0.05) and glucomannan (p<0.01) groups as compared with that of the control group (Table 4 ). The effect of glucomannan ingestion was stronger than that of maltitol ingestion. Maltase activity in the cecum was reduced significantly, not increased, by glucomannan ingestion, and produced a marginally significant decrease in maltitol ingestion. However, maltase activity in the colon was not changed significantly by maltitol or glucomannan ingestion.
Sucrase activity in the small intestine also decreased significantly in both the maltitol (p<0.05) and glucomannan (p<0.01) groups as compared with the control Table 4 .
Effect of maltitol or glucomannan ingestion on activity of maltase, sucrase and maltitol hydrolysis in the small intestine, cecum and colon of rats.
Rats were the sameas in Table 3 . # Maltitol hydrolyzing -activity of cecum and colon was not measured exactly by the method used here because the activity was very low. * and ** Significantly different from the control group at p<0 .05 and p<0.01, respec tively.
group (Table 4 ). The effect of glucomannan ingestion was stronger than that of maltitol ingestion, as maltase, in the small intestine. Sucrase activity in the cecum was also decreased by maltitol (p<0.01) or glucomannan ingestion (p<0.01). However, a significant decrease in sucrase activity was not observed in the colon of either maltitol or glucomannan group. Namely, there were no significant di ff erences in the specific activity of sucrase in the colon of the three groups.
The specific activity of maltitol hydrolysis in the small intestine and cecum was not changed significantly by maltitol ingestion but was at a very low level (Table 4 ). However, a significant effect on maltitol hydrolyzing activity in the colon was observed, although the activity was not measured exactly by the methods used here because the level was very low.
In conclusion, these results demonstrate that disaccharidases such as maltase and sucrase and the enzyme which hydrolyzes maltitol are not induced, even in the mucosa of the cecum and colon, with hyperplasia that is caused by maltitol or glucomannan ingestion.
DISCUSSION
The existence of disaccharidases and an enzyme that hydrolyzes maltitol were investigated in the large intestine of rats. In addition, the properties of disaccharidase were studied in the cecum and colon with hyperplasia caused by nondigestible carbohydrate ingestion.
Maltose hydrolysis was detected in the cecal and colonic mucosa of rats fed a regular chow, although this was at a very low level as compared with that in the small intestinal mucosa. The time-dependent increase of maltose hydrolysis strongly suggests the existence of maltase in the cecal and colonic mucosa (Fig. 1) . Maltose which is taken directly from foods and produced from starch by hydrolysis is not transferred to the large intestine because it is digested by maltase and absorbed readily from the small intestine. Therefore, maltase in the large intestine does not seem to have any physiological significance. In contrast, maltitol is hydrolyzed very slowly by maltase in the small intestinal mucosa and competitively inhibits the hydrolysis of maltose (4, 26). However, it is believed that most of the maltitol which is ingested orally reaches the large intestine and is fermented readily by microbes (27) . In fact, when sufficiently large amounts of maltitol are administered orally, it regularly produces a high osmotic diarrhea without significantly increasing blood glucose levels (3, 9). However, maltitol which reaches the large intestine might be hydrolyzed by the enzyme that is induced by maltitol ingestion because maltitol ingestion causes hyperplasia and the enhancement of (Na+K)ATPase activity in the cecum and colon of rats in the same manner as water-soluble dietary fiber (16, 17). But the possibility of maltitol being digested by digestive enzymes in the large intestine was denied by the results of this study. The hydrolyzing activity of maltitol was very low, less than 1/8 of maltose, in the cecum and colon, although it was not measured exactly by the method used here, and decreased, not increased , 
